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INTRODUCTION  AND  METHODS 
Although lymphocytes are the numerically predominant cell type in normal 
lymphatic  tissue,  the  over-all  enzyme content  of the lymphatic  tissue is at 
least in some instances primarily a property of other cell types. Doyle (1) and 
Doyle and Liebelt (3) described the relation of esterase,  alkaline phosphatase, 
and acid phosphatase to the proportions of lymphocytes, reticular  cells, and 
macrophages  in  different  regions  and  in  different  states  of  the  lymphatic 
nodule. They found that esterase predominates in the epithelium and that the 
acid and alkaline phosphatase contents reflect the proportions of macrophages 
and  reticular  cells respectively. The present  study extends the investigation 
to the relative amounts  of a  labile peptidase present in the various cellular 
and extracellular components of normal and experimentally modified lymphatic 
nodules.  Although the lymphocytes constitute 80 to 90 per cent of the total 
number of cells present in most regions  of the nodules, it is found that most 
of the  peptidase  is contributed by other  components. 
The Morphology of tt~ Tissue.----Owlng to the lability of lymphatic tissues the proportions 
of different cell types to be found in the nodules of apparently healthy laboratory animals 
vary widely and in the lymph nodes some nodules are found to be in an active and some in a 
resting condition. The results of biochemical as~ys of micro regions of such different nodules 
are  uninterpretable  without  simultaneous  quantitative  morphological analysis.  For  these 
studies the advantages afforded by the morphology of the rabbit appendix have been prev- 
iously described (1, 3). In the submucosa of the rabbit appendix the lymphatic nodules are 
arranged  in a  regular fashion.  This regularity reduces the complexity of relating chemical 
analyses to morphology. When a  block of tissue extending through the wall of the organ is 
sectioned parallel to the surface of the mucosa the initial sections contain intestinal epithelium, 
the lamina proprla, and crypts of Lieberktihu. Beneath this level the intestinal epithelium is 
invaginated above each lymphatic nodule and covers the tips or "heads" of the lymphatic 
nodules. The epithelium covering the heads of the nodules is here designated as "reflected 
epithelium" because of its position. The reflected epithelium differs from the rest of the in- 
testinal epithelium in the absence of goblet cells and in the fact that it is in immediate contact 
with the lymphatic nodule rather than the lamina propria. The reflected epithelium is com- 
monly infiltrated with lymphocytes. 
* Supported  in part  by a  grant-in-aid  from the American Cancer  Society upon  recom- 
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The lymphatic nodules, shaped somewhat like squat ninepins, have three zones related to 
their shape which are here designated heads, necks, and bodies (Text-fig. 1). The proliferative 
areas or germinal centers are located in the bodies with large numbers of small lymphocytes 
at the periphery. The head and neck regions are crowded with reticular cells and consequently 
somewhat less densely packed with lymphocytes. In the head the proportion of phagocytic 
cells is often increased. The bodies of the nodules are surrounded by sinusoidal lymph vessels. 
Lymphatics of the lamina propria merge with the channels of the nodule which in turn lead 
to the lymph vessels between the bodies. These vessels drain through the muscularis to the 
lymphatic vessels of the serous tunic. Between the bodies of the nodules at the level of origin 
of the lymph vessels there protrude intercalated masses in which small lymphocytes pre- 
dominate. The typical morphology of the samples of lymphatic tissue obtained for study is 
illustrated in Figs. 1 to 4. 
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DIAGRAM OF  APPENDIX  NODULES 
T~xT-Fm.  1. Diagram indicating locations of samples described in the text and illustrated 
in Figs. 1 to 4. Lymphatic nodules stippled. I.M,,  intercalated mass. 
The lymphatic tissue is characterized by large amounts of intercellular substance including 
fluid. Except in localized areas blood is not prominent so that the fluid components consist 
essentially of lymph and intercellular fluid. Morphological study of the nodules leads to the 
conclusion that in the nodules of the appendix there is marked variation in fluid flow in dif- 
ferent regions. The region of the intercalated masses which are always packed  with small 
lymphocytes (even after LD~0 x-irradiation) is a  region of relatively high fluid flow and the 
channels in the nodules give rise at this point to the broad sinus-like vessels which surround 
the bodies. On the other hand, the centers of the nodules as represented in the bodies are es- 
sentially stagnant. Twenty-four hours after 600 r  of x-rays the bodies are filled with partly 
phagocytosed cellular debris and intercellular fluid. Five days after irradiation the amount of 
intercellular fluid in the bodies is reduced below the normal value. 
Experimental Modification of the Tissue.--Rabbits were treated with x-rays or cortisone to 
destroy large numbers of lymphocytes and to modify the proportions of reticular cells and 
macrophages in  the samples analyzed.  The LDs0/30  days for rabbits treated with x-rays 
is 800 r. When treated with 600 to 625 r healthy rabbits rarely die despite extensive destruc- 
tion of lymphocytes. Large numbers of pycnotic nuclei of dead lymphocytes are, however, 
still evident 30 hours after x-irradiation. The phagocytes and reticular cells are markedly WILLIAM  L. DOYLE  223 
resistant to irradiation. Four or 5 days after irradiation all of the nuclear debris has been 
digested and phagocytosis is essentially at a normal level except that the bodies of the nodules 
now are primarily composed of densely packed macrophages. Regeneration of new lymphocytes 
begins 8 to 10 days after irradiation and the nodules are essentially normal at 24 days (1). 
Similar phenomena were also obtained by cortisone treatment. In this manner a  reasonably 
predictable variety of cellular distributions was  made available for enzymatic and morpho- 
logical analysis and comparison. 
Fixation and Sampling.--In order to obtain both chemical and histological samples from 
the same material the appendices of rabbits anesthetized with nembutal were quickly excised, 
rinsed,  and frozen at  --150°C.  in isopentane.  The  frozen material was  vacuum-dried  at 
--28°C. and embedded in paraffin..Suitably oriented small blocks of the embedded material 
were sectioned at 10/z. After removal of the paraffin  the sections were used, usually alter- 
nately, either for chemical analysis or for histological study. This procedure results in the re- 
tention of essentially full activity of labile as well as the more stable peptidases (2). Analysis 
of sections taken at different levels from the surface of the appendix and after varied experi- 
mental treatment resulted in samples containing the desired widely variant proportions of 
cell types as shown in Figs. 1 to 4 so that these measured differences could be correlated with 
the amounts of enzyme contained in the samples. 
An ideal histochemical procedure would permit the isolation of an homogeneous sample 
from heterogeneous tissues. In general, such samples would have to be very small. The ac- 
curacy of  quantitative  morphological description  is  improved as  the  sample  decreases  in  size 
since  fewer cells  need to  be  measured or counted. For chemical analysis  the  opposite  is  true. 
Reproducibility  of  the  sample  volume  is  a  mechanical  problem  which  in  these  studies  is  largely 
determined by the reproducibility  of thickness  of the section  produced by the microtomc. 
Sections  as  small  as  0.3 X  0.3 X  0.01  mm. were  cut  with a volumetric accuracy  of  q-5.0  per 
cent and larger  sections  with the same accuracy. In the chemical determinations sufficient 
biological  material  was taken to ensure an accm'acy of -4-3  per cent exclusive  of biological 
variation.  The paraffan-embedded specimens  were trimmed to  size  with  a knife  controlled  by 
a compound tool  rest  of  a jeweler's  lathe.  Each of  the  small  trimmed blocks  was reembedded 
in  a large  block of  paraffin  bcfore  cutting  in  order to obtain sections  of  uniform thickness. 
Chem~a/ hfetlwds.--The volumes of tissue  required for the micro modifications  of the 
methods employed were as follows:  desoxyribonucleic  acid (DNA) by the Schmidt-Thann- 
hauscr  (4)  method,  0.5/~l.;  chloride  by  the  Linderstr~m-Lang,  Palmer,  and  Holter  (5)  method, 
0.1  to  0.5/zl.;  total  Kjeldahi nitrogen  by the  method of  Doyle  and Omoto (6),  0.03/zl.;  pepti- 
dases and phosphatases as described  below and by Doyle (I),  0.05/~l.;  and esterasc  by the 
method of  Doyle and Licbelt  (3),  0.005/zl. 
In order to estimate the amount of intercellular  fluid  and lymph we have measured the 
chloride  content of  samples taken  at various  levels  of  the tissue.  Since the  size  of  sample re- 
quired is  relatively  large  (0.1  to  0.S/~l.)  it  was not  possible  to follow  the usual procedure  of 
analyzing single  sections  alternately  with sections  used for morphological or enzymatic de- 
terminations.  Instead two blocks were made from adjacent areas of the appendix and the 
separate  blocks  were sectioned.  One (large)  block was used for  chloride  analysis  with every 
fifth  section  taken for morphological comparison to ensure correspondence with the appro- 
priate  level  in the other smaller  block used for enzyme studies  and morphological control. 
In  this  manner values  for  typical  regions  were  obtained  and the  amounts  of  intercellular  fluids 
present  are  indicated  in  Table  I,  A to  E.  Maximum  values  were  obtained in  mucosa levels  and 
in bodics of  specimens 30 hours  after  irradiation. 
Similar  sampling  techniques  were  used for  nucleic  acid  determinations which  are  shown in 
Table  II.  We are  indebted to  Rosemary G. Smolker  for  a painstaking study of  the  pcrchloric 
acid  methods, trichloracctic  acid  methods,  and the  final  scaling  down of  the Schmidt-Thann- 
hauser  method for  micro use.  She found that  when the frozen-dried  sample was dissolved  in 224  PEPTIDASE  DISTRIBUTION  IN  LYMPHATIC TISSUE 
as much as 10 #1. of sodium hydroxide it was necessary to have at least the equivalent d  100 
#g. fresh weight of sample in order to obtain quantitative fractionation of DNA from fibo- 
nucleic add  (RNA). 
Morphological Methods.--In  practice the microbiochemical analyses were much simpler to 
perform than the determination of the proportions of cell types present in the samples. The 
frozen-dried material as processed is in ideal condition for enzyme work but is frequently im- 
perfect for cytological study of this tissue. Accordingly, a  piece of each appendix was fixed 
in Zenker-formol and  stained  with hematoxylin-eosin-azure II or with methyl green and 
pyronine for comparison with the sections taken from the frozen-dried block being analyzed. 
The sections used for quantitative morphological study were treated as follows: the frozen- 
dried paraffin  section was fixed in Zenker-formol for 10 minutes before removal of the paraffin, 
the fixative was rinsed off, and the section mounted on a glass slide and dried after warming to 
flatten it; thereafter the usual histological procedure was followed and the sections were stained 
with methyl green and pyronine. This stain afforded a rapid means of identification of macro- 
phages. Despite a  standardized  staining procedure there were variations in the staining of 
some cellular elements which resulted from the experimental treatment. In most of the blocks 
the lymphocytes were well fixed but plasma cells in the lamina propria frequently showed ice 
crystal artefacts in nuclei and cytoplasm. In a tissue containing several types of cells, some of 
which may transform from one type to another, the problem of cell counting is formidable. 
The total number of cells per section is not readily determined microscopically because of 
variations in density of packing and the wide variation in cell size in different regions of the 
section. Accordingly, the total number of cells per section was estimated chemically using the 
Schraldt-Thannhauser  (4)  method for desoxyribonuclelc acid  (DNA)  suitably scaled down. 
From the Schmidt-Thannh~user value for DNA phosphorus the cell number was determined 
using the Mirsky and Ris (7) value. No correction was allowed for the change of DNA con- 
tent in dividing cells. 
In lymphatic tissue the lymphocytes vary greatly in volume from the small ones to very 
large ones.  Consequently, it has seemed more appropriate to measure the volume of each cell 
type rather  than  the numbers.  Relative volumes of tissue components can be determined 
microscopically by the Chalkley method  (8)  with excellent accuracy providing the various 
classes  of cells can be accurately distinguished.  However, classification has introduced  the 
principal  uncertainty  in  our estimates  since there  is a  gradual  transition  between resting 
reticular cells and those which are becoming phagocytic before they have assumed the defini- 
tive characteristics of macrophages. 
Margot E. Doyle and Philip Nelson assisted in microscopic estimation of cell types.  As 
routine, three separate counts of 400 items were made on each section. Independent evalua- 
tions of proportions of cell types varied by a maximum of 8 per cent among three observers 
with the maximum variation occurring in distinguishing and classifying reticular cells from 
macrophages. Because of high enzymatic activity in cells which comprised a small fraction of 
the volume of the tissue, a higher order of accuracy is required to obtain consistent values per 
unit volume. The counts were not sufficiently good to permit their use in ascribing precise 
enzyme values to each cell type found in a sample unless the cells constituted a large fraction 
of the volume but they were accurate enough to indicate where the maxima occurred for each 
cell type. Rather voluminous detailed tables of cell volumes based on these Chalkley counts 
were obtained in early phases  of the work. Because of the uncertainties of classification of 
certain cells the tables are of limited value and are not presented. Instead values typical of 
selected regions in selected animals are given in Table I. Repetition of the studies on acid 
phosphatase (1) and esterase (3) indicated that the proportions of epithelium and macrophages 
might be determinable from the biochemical determinations of esterase and acid phosphatase 
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Sde~tion of Representagve Samples of Experimental Material.--As previously shown  (1) 
the experimental destruction of lymphocytes results in the transformation of most of the 
reticular cells to  macrophages.  During the transitional period reticular cells lose  alkaline 
phosphatase and develop acid phosphatase as they become phagocytic. In early stages after 
irradiation,  because of the presence of large amounts of debris, it is virtually  impossible to make 
satisfactory correlations between  the disrupted cells and the enzyme content. For example, 
in specimens 24 hours after x-irradiation most of the lymphocytes are dead and their cyto- 
plasm is disintegrated but pycnotic nuclei (see Fig. 3) are abundant either in phagocytes or 
free in the intercellular  fluid. An analysis of nucleic acid content of samples at this stage shows 
the disappearance of the RNA of the lymphocytes but no loss of DNA. Although peptidase 
and acid phosphatase activities are maximal at this period we are unable to describe the mor- 
phology in terms suitable for quantitative correlation. After the debris of lymphocytes has 
been completely phagocytosed and digested the tissue is much more stable. Accordingly, we 
have used animals at a period 5 days after irradiation in order to obtain samples with maximal 
numbers of macrophages. These resting macrophages which are closely packed together in the 
nodules retain a high acid phosphatase content. 
Out of the 15 rabbits examined 4 were selected as normal specimens free of active infection 
and with moderately active (lyrnphopoietic)  germinal  centers in the bodies,  4  others were 
selected as showing the greatest change in cellular composition. Three of the latter were ob- 
tained by x-irradiation and 1 by treatment with cortisone. The irradiated animals were sacri- 
riced 4 to 5 days after irradiation and had appendix nodules in which the bodies were shrunken 
to about one-third or one-fourth their original volume. These shrunken bodies per unit volume 
had only one-fourth as many lymphocytes and 7 to 8 times as many reticular cells and phago- 
cytes as the normal specimens. The neck regions were not markedly different from those of 
the controls except in the cortisone-treated specimen. The morphology of typical samples is 
shown in Figs. 1 to 4. 
RESULTS 
Properties of Lympkatic Peptidases.--The  observable characteristics of en- 
zymes are dependent upon  the  type of preparation used.  The  use  of frozen- 
dried  material  is  a  departure  from  the  more  usual  fresh  suspensions,  saline 
extracts,  or  more  purified  preparations  in  various  degrees  of  fractionation. 
For micro localization studies no fractionation procedures have been developed 
which are sufficiently reproducible for quantitative work. The enzyme activi- 
ties of the crude glycerine suspensions of the frozen-dried samples, which were 
exclusively used  in  the  present  study,  are  comparable  to  the  activities  of 
strictly fresh  cell  suspensions  (2). 
For purposes of comparison with other methods of preparing the enzyme as 
well as for characterization of this type of preparation the following data are 
presented:  The  hydrolysis of  the  peptides  alanylglycine (AG),  leucylglycine 
(LG),  leucineamide  (LA),  and  leucylglycylglycine (LGG)  by glycerine  sus- 
pensions of the sections had zero order kinetics with a  Qs0 for  the  range  30- 
40°C.  of 2.0.  The  activities were uninfluenced by the presence  or absence of 
M/60 phosphate but were sensitive to the absence of glycerine as a  stabilizer. 
Our values for the hydrolysis of LGG are in good agreement with those found 
by  Fruton  (9),  Grassmarm  and  Heyde  (10),  Husfeldt  (11),  and  Zamecnlk 226  PEPTIDASE  DISTRIBUTION  IN  LYMPHATIC  TISSUE 
et al. (12) for lymphocytes and lymph. The hydrolysis of LGG was unaffected 
by 0.01  ~  cyanide whereas  the activity on AG was reduced to 20  per cent. 
Unlike Maschmann  (13)  and  other workers who studied serum  and lymph, 
we found the hydrolysis of LGG to be only slightly more rapid than that of 
LG while the hydrolysis of AG was twice as rapid as that of LGG. The pres- 
ence of a leucylpeptidase is indicated by hydrolysis of LA at about 20 per cent 
of the rate for LG. No activation by added metals could be demonstrated in 
these preparations. 
Maschmann (13) noted a lower peptidase activity in his usual preparations 
of guinea pig serum than in "ganz frisch"  material. Praetorius (14)  observed 
that the rate of hydrolysis of alanylglycine (AG) in rat thymus is very sensi- 
tive to experimental procedures. In the present study we find that the highly 
labile component of peptidase activity is much more prominent in lymphatic 
tissue than in lymph or serum. It should be noted that the rate of hydrolysis 
of LGG only slightly exceeds  that of LG in lymphatic tissue whereas in cell- 
free lymph it is approximately 5 times the rate for LG. 
Standard conditions for measurement of peptidase activity in this work were: 
reaction time 1 hour at 40°C., approximately 1 ~g. of tissue nitrogen in  15 #l. 
of digestion mixture, substrate concentration 0.05  ~  of the L-form, pH  7.5. 
Hydrolysis was measured by titration with HC1 in acetone. The proteolytic 
coefficients (per cent hydrolysis  per minute per milligram of nitrogen per milli- 
liter of digest) varied from 2.0 to 6.0 for LG, from 3.6 to 6.0 for LGG, and from  9.3 
to 25.0 for AG depending on the cellular composition of the sample. Consider- 
ing that the nitrogen content of the "crude enzyme" includes the total nitrogen 
of the  tissue,  the proteolytic coefficients are  quite  high in  comparison with 
published values. 
Distribution  of Peptidase Activity.--The distributions of peptidase activities 
with respect  to  substrate  specificity on AG, LG, and LGG were  studied in 
detail on appendices of 3 rabbits. The results for LGG and AG are included in 
Text-fig. 2. The curve for LG is similar to the one for LGG. It can be seen 
that in both the normal and the irradiated material the activities with respect 
to LGG and AG vary independently. When the experimental is compared with 
the  normal  it  is  found  that  the  increase  in  AG  activity is  proportionately 
greater than the increase in LGG (and LG) activity. 
The  Labile  Peptidase.--Primary  attention  has  been  directed  to  the  AG 
activity since  this  varied  most  with  the  experimental  modifications of  the 
tissue. Appendices of 8 rabbits were studied using three blocks of tissue from 
each appendix. These blocks were serially sectioned, samples being taken at 
appropriate levels to determine the relation of AG peptidase activity, nitrogen 
content,  morphological distribution of cell  types, total cell  count,  and  acid 
phosphatase  activity.  In  each  of  the  tissue  blocks microscopic  counts were 
made on sections at  10 or  12 levels.  In this series  400  cells  were counted in WILLIAM" L.  DOYLE  227 
each section. Since there were three blocks from each animal there were 1200 
cells  counted at each level.  Four of the  10  to  12 levels  were  selected as the 
central  regions of the mucosa, head, neck  (including intercalated mass),  and 
body levels respectively and the results of these counts are presented in Table I. 
Enzyme values and nitrogen determinations were made on sections adjacent 
to  those  counted whereas  chloride  and  nucleic acid values were  determined 
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.~hTExT-Fm. 2. Smoothed curves for the distribution of peptidases (solid lines) and acid 
phosphatase (broken  lines) in relation to morphology  of the lymphatic  nodule of the appendix. 
Peptidase ordinates at the left are proteolytic coefficients (see text). Acid phosphatase or- 
dinates at the right are in terms of millimicromols of phenol liberated from disodinm phenyl 
phosphate per cubic millimeter of tissue in 30 minutes at 30°C. For the normal specimen the 
position of the peak of alkaline ph0sphatase activity is indicated. The serum level for hy- 
drolysis of leucylglycylglycine  is indicated on the graph as LGG (S). 
from adjacent areas of the appendix as described under Methods. The results 
of the cell  counts on the blocks of tissue from normal animals were combined 
to  give  the  average  distribution  in  normal  animals,  and  the  corresponding 
results of enzyme and nitrogen determinations were applied to the appropriate 
levels  of the  average normal animal,  and  the  curves smoothed as  shown in 
Text-figs. 2 and 3  "normal." A similar procedure was used for animals corre- 
sponding to typical morphology 5 days after irradiation as shown in Text-figs. 2 
and 3 "5 day." The samples showing maximum change in cellular composition 228  PEPTIDASE  DISTRIBUTION  IN  LYMPHATIC TISSUE 
(with  concomitant  changes  in  physiological  state  of  some  cells)  are  illus- 
trated  in  Figs.  1  to  4. 
625  P' 
APPENDIX 
5  DAY  DNA 
li•'mmD  e ,llle 
i 
M UCOSA  H EAD  N ECK  BODY 
NORMAL  o ~  ~-,,,,,,,~'f~,  j 
• 
0 
.50 
"  .ZO 
_o  Z 
--~  SO 
:~o 
o 
2Q 
I0 
TaxT-Fm. 3. The distribution d  desoxyribonucleic acid  (DNA, solid line)  and nitrogen 
(N, broken line) in normal and irradiated specimens d  appendix lymphatic tissue. Ordinates 
for DNA (at the Idt)and  N  (at the right) are in terms of micrograms of the substance per 
milligram of fresh weight of tissue. 
UJ 
,gO 
APPENDIX  PHOSPHATASES 
MUCOSA 
,~c. 
AC. 
HEAD  NECK  "  [bODY 
ItO 
•  uJ 
! 
o. 
T~XT-Fm. 4. Generalized diagram of the distribution of phosphatases and peptidase in re- 
lation to the normal structure of rabbit appendix lymphatic tissue (see text). Ordinates as for 
Text-fig. 2 except for alkaline phosphatase. 
Relation  of Acid Phosphatase Activity  to Peptidase AcEvity.--In Text-fig. 2 
the acid phosphatase values shown for normal specimens represent the situa- 
tion  with minimal  numbers  of macrophages present.  The  general  situation, 
based on a  variety of specimens is illustrated in Text-fig. 4, in which it is in- 
dicated that the peak of acid phosphatase activity in the tissue rarely coin- 
cides with the peak of alkaline phosphatase activity. The double headed arrow 
is intended to indicate that in other normal specimens the acid phosphatase WILLIAM L. DOYLE  229 
maximum is shifted towards the head or towards the body depending  on the 
distribution of macrophages. At the body level the acid phosphatase may vary 
between  the values indicated by the two thinner lines; and this variation is 
also in relation to the numbers of macrophages  present.  For the normal ap- 
pendix  the peptidase  value regularly follows the general  course  of the acid 
phosphatase curve of Text-fig. 4 except in the mucosa for which it deviates as 
indicated by the line labelled "pept." 
The composite curves for acid phosphatase and peptidase  (Text-fig. 2) taken 
in conjunction with the tabular values  (Table  I)  for averaged  cellular com- 
position at selected levels of the tissue demonstrate certain relationships.  It is 
apparent that both peptidase and acid phosphatase are increased in the bodies 
of the  experimental  group.  Morphologlcally  there is  a  concomitant loss  of 
lymphocytes and an increased proportion of macrophages  at the body level. 
It should  also be noted that there is more  intercellular  fluid in the normal 
body than in the 5 day experimental  group  (Table  I). At other levels of the 
tissue the acid phosphatase and peptidase  curves appear to follow each other 
but without true parallelism. From the earlier evidence (1) and the results of 
its repetition in this study the acid phosphatase content of the tissue can be 
attributed in large part to the macrophage  content. Deviations between acid 
phosphatase distribution and peptidase  distribution are,  however, significant. 
The differences are minimized in the smoothed curves presented for averaged 
results.  Accordingly,  the individual assay results for peptidase were studied 
for comparison with the morphological evaluation of numbers of macrophages. 
These  comparisons  reveal  that  whenever  the  number  of  macrophages  is 
increased the peptidase values rise. The elevation in enzyme content is estab- 
lished in less than 30 hours after the transformation of reticular cells to phago- 
cytes is  initiated. When,  however,  individual comparisons  with  acid phos- 
phatase activity are made on a quantitative basis, it is found that the rise in 
acid phosphatase which accompanies increased numbers of phagocytes is not 
strictly proportional  to the rise in peptidase. 
At levels of the tissue from the heads to the surface of the mucosa the curves 
for peptidase and acid phosphatase are always dissociated. The peptidase level 
is moderately high and shows no great peaks  or depressions. The acid phos- 
phatase level and the proportions  of macrophages are low. At these locations 
in the tissue the epithelium which is present should be considered as a possible 
source of the peptidase  activity. We have previously reported on the distribu- 
tion of alkaline phosphatase  (1) and esterase  (3) in the appendix  epithelium. 
Alkaline  phosphatase rises precipitously  as the surface  of the epithelium is 
approached.  Esterase shows a peak at the intestinal surface  and another in 
the reflected epithelium of the head of the nodule. Neither enzyme is present 
to appreciable extent in the crypts of the appendix. While there is no a  trriori 
reason  to assume  that peptidase,  alkaline  phosphatase, and esterase  should 
vary  concomitantly in  intestinal  epithelium,  the  peptidase  value  does  not TABLE  I 
Average Cdlular  Composition  at Sdected  Levels and  Calculated Actitd2y  Values 
Per cent cells  4  ][  (col. 35 
1  2  3  [ 
Per cent by  Product of vol- 
Activity factor ume by  activity  Component  volume of by  vohtme  of  . 
tissue  X 4) 
A. Normal mucosa. 50 per cent cells, 50 per cent intercellular fluid 
Fluid  0  50 
Epithelium  64  32 
Lymphocytes and plasma cells  10  5 
Phagocytes  1  0.5 
Reticular cells  25  12.5 
6.2* 
3 
1 
30 
12 
310 
96 
5 
15 
150 
Total activity per unit volume~  .....................................  576 
B.  Normal head region. 60 per cent cells, 40 per cent intercellular fluid 
Fluid 
Epithelium 
Lymphocytes and plasma cells 
Phagocytes§ 
Reticular  cells 
0 
18 
59 
5 
18 
40 
11 
35 
3 
11 
11 
3 
1 
30 
12 
440 
33 
35 
90 
132 
Total activity per unit volume ......................................  730 
C.  Necks including intercalated masses. 65 per cent ceils, 35  per cent intercellular fluid 
Fluid  0  35  8[I  280 
Lymphocytes  60  39  1  39 
Phagocytes  20  13  30  390 
Reticular cells  20  13  12  156 
Total activity per unit volume ......................................  865 
D.  Normal bodies. 55  per cent cells, 45  per cent intercellular fluid 
Fluid  0  45  11  495 
Lymphocytes  88  48  1  48 
Phagocytes  5  3  30  90 
Reticular cells  7  4  12  48 
Total activity per unit volume ......................................  681 
E.  Irradiated bodies. 70 per cent cells, 30 per cent intercellular fluid 
Fluid  0  30  11  330 
Lymphocytes  24  17  1  17 
Phagocytes  70  49  30  1470 
Reticular cells  6  4  12  48 
Total activity per unit volume ......  .................................  1865 
* In the mucosa the intercellular fluid was assumed to be 50 per cent plasma filtrate. 
~/A value of 1000 is equivalent to 2 ttl. of N/10 HCI under the conditions of the exper- 
iments. 
§ Per cent variable in normal animals. 
[] Fluid activity factor reduced to allow for volume of lymph spaces surrounding nodule. 
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fluctuate despite wide variations in amount and location of epithelium. Al- 
though the peptidase content of appendix epithelium has a measurable value 
it must therefore be  low  in comparison  to  some other  constituent of these 
levels. Certain generalizations hold throughout a  wide range of morphological 
and physiological variations among widely varying samples of the experimental 
material. 
1.  At levels towards the mucosa the peak of peptidase activity is always 
nearer the surface than the peak of acid phosphatase activity. 
2.  The peptidase value is elevated with increased numbers of macrophages 
but  not in every instance  to  the  extent that the  acid phosphatase value is 
raised. 
3.  The  curves for phosphatase  show sharper  peaks  than curves from the 
same specimen for peptidase, indicating a  closer point to point correlation of 
acid phosphatase with morphological variation than is tree of peptidase. 
To  obtain  more  detailed  comparisons  several  blocks  of  tissue  were  then 
analyzed in  such  a  manner that sections  for pepfidase  content were  taken 
immediatelyadjacent to the sections for acid phosphatase content; consequently 
the  cellular  composition  in  each  was  almost  identical.  These  experiments 
showed definitely that the ratio of activities was not constant at all levels of 
the tissue. Accordingly, sources of high peptidase activity in addition to the 
macrophages were sought in the other components of the tissue as described 
in the Discussion. 
DISCUSSION  AND  DERIVATION  OF  ACTMTY  VALUES 
Evaluation of Experimental Factors.--All of the  enzymes measured in this 
series of studies, v/z. alkaline phosphatase, acid phosphatase, aliesterase, and 
peptidase, are contained in each of the several cell types which are present in 
the samples analyzed. When, however, the enzymic content of one cell type is 
relatively high and is reasonably constant per cell, it should be possible to use 
the enzyme content of a  sample as some measure of the amount of that kind 
of cell in the tissue. For example, esterase is found to be 5 times more concen- 
trated in the epithelium than in other elements of the appendix. The esterase 
content is unaffected by the amounts of irradiation employed and can there- 
fore be used as an index of the amount of epithelium in a given sample (3). 
With respect to alkaline phosphatase, after excluding the activities accounted 
for by the epithelium, it was shown (1)  that lymphocytes account for only 
about 10 per cent of the enzyme and reticular cells for 90 per cent. The lympho- 
cytes by volume may constitute five-sixths of the tissue. In this circumstance a 
reticular cell has 45 times as much alkaline phosphatase as an equal volume of 
lymphocytes. Similarly it can be shown that macrophages have 20  times as 
much acid phosphatase as an equal volume of lymphocytes. Both of the phos- 
phatases are primarily intracellular. Because of the uncertainties of microscopic 
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content of macrophages, it seems reasonable to employ the acid phosphatase 
content as an  index  of the  volume of macrophages present  in  a  sample.  In 
comparing the acid phosphatase content of normal animals with that of speci- 
mens taken 5 days after irradiation, it should be noted that a marked shrinkage 
of the nodule has taken place. Bodies of individual nodules may be reduced to 
one-fourth of their original volume (15).  Thus the increased number of macro- 
phages in the body region of irradiated specimens does not imply either multi- 
plication or migration of new macrophages into the area. In other words deple- 
TABLE II 
Nudeic,  Ac~  Phosphorus  in  t]~  Appendiz 
Region of the append/x  DNA-P  RNA-P  Acid-sol. P 
Mucosa 
Normal 
24 hr. post irradiation 
5 day  "  " 
Necks and intercalated mass 
Normal 
24 hr. post irradiation 
5 day  "  " 
Bodies 
Normal 
24 hr. post irradiation 
5 day  "  " 
0.70 
0.60 
0.90 
1.71 
1.76 
1.77 
2.42 
2.5 
1.2 
0.50 
0.49 
0.8 
0.89 
1.0 
1.2 
1.04 
0.62 
0.97 
0.746 
1.33 
0.942 
1.3 
1.3 
i .04 
1.07 
1.7 
1 ~g. of DNA-P is equivalent to 1.6 million cells. Analyses were carried out using 1.0 
~l. of tissue. It is calculated that the RNA/DNA ratio for epithelium, reticular cells, and 
macrophages is between 0.9 and 1.0 and for medium sized lymphocytes  is 0.4. There is more 
than twice as much RNA per cell in reticular cells and phagocytes than in lymphocytes  but 
the former are at least 6 times larger in volume so that the concentration  per unit volume  of 
cytoplasm is lower than in lymphocytes. 
don of lymphocytes results in reduction in cell numbers and shrinkage offsets 
this reduction with  the net effect in cell  number being a  reduction per unit 
volume of sections at the body level to one-half the original number of cells as 
shown by DNA analysis (see Text-fig. 3, Table II). On the other hand, samples 
at the neck region of irradiated specimens are morphologically essentially like 
those of normal specimens so that a  single  illustration  (Fig.  1)  will  serve  to 
indicate  normal and  experimental  material.  This is  borne out by the  corre- 
spondence in values obtained by chemical determinations of cell number, and 
enzyme content. 
The  gxlracellular  Phase.--Praetorius  (14)  calculated that in the thymus of 
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volume. In the present  work the region of maximum packing of cells  in ap- 
pendix nodules has a  chloride value indicating 35 per cent fluid which agrees 
well with his microscopically determined estimate.  Praetorius also found that 
the  cortex fluid  had values  for labile  peptidase  (AG substrate)  which  were 
3  times  the  value  of cell  suspensions  consisting of 97  per cent lymphocytes 
by number and 3 per cent phagocytes. By assuming the same relationship to 
hold in the rabbit appendix we obtain a peptidase value for intercellular fluid 
which is 8  times the value for serum.  1 
When the composite curve for peptidase activity is examined in relation to 
the chloride values for intercellular fluid it appears that the differences noted 
between acid phosphatase and pepfidase distribution might be accounted for 
on the basis of an appropriate value for extraceUular pepfidase. The value of 
TABLE III 
Alanylglycine Peptidcse Activity 
Calculated Relative Values per Unit Volume 
Lymphocytes (medium) .................. 
Tissue fluid ............................. 
Serunl  .................................. 
Phagocytes  ............................. 
Reticular cells ........................... 
Epithelium .............................. 
1.0 
11.0 
1.4 
30.0 
12.0 
3.0 
Peptidase determinations were made on pieces of tissue averaging  0.05 gl. in volume  which 
contained approximately 1.2 gg. of Kjeldahl nitrogen. In regions of densely packed lympho- 
cytes such samples average 0.14 ttg. of DNA-P equivalent to 190,000 lymphocytes. In levels 
of the lamina propria mucosae the samples contained as little as 0.037 gg. of DNA-P equiv- 
alent to 50,000 cells. To transform values per unit volume  to values per cell it seems probable 
that reticular cells and macrophages  are at least 6 times the volume  of a medium sized lymph- 
ocyte. Chloride space varied from 35 to 55 per cent of tissue volume. 
8 times the serum value has been taken for these purposes. No allowance has 
been made in the calculations for a marked difference between stagnant areas 
and areas of rapid lymph flow; except in the mucosa level in which an activity 
6.2 was assigned on the assumption of 50 per cent serum filtrate in the tissue 
fluid and in the region of the lymph vessels of the intercalated mass in which 
lymph volume was also estimated.  Presumably in areas of rapid lymph flow 
the  extracellular  fluid  value  for peptidase  would approach the  serum value. 
Efferent lymph from the appendix has a peptidase level slightly but definitely 
higher  than  the  blood serum  level.  See  also Zamecnik et  al.  (12).  The  best 
agreement  between  the  quantitative  values for AG peptidase  activities  and 
the  distribution  of proportionate  volumes of various  cell  types and  fluid  is 
1  The absolute values obtained for AG hydrolysis by Praetorius on the rat using washed 
suspensions of cells are approximately  one-seventh  of the values obtained in the present study 
on the rabbit using sections containing original fluid and a higher proportion of macrophages. 234  PEPTIDASE DISTRIBUTION IN  LYMPH~ATIC TISSUE 
obtained by assuming  the peptidase values shown  in Table III. A  peptidase 
activity value of 1.0 is assigned to a unit volume of medium sized lymphocytes. 
Serum was found to have 1.4 times this activity and it was assumed as noted 
above that the tissue fluid was 8  times the serum value in the neck and body 
regions. The values assigned to phagocytes, reticular cells, and epithelium are 
TABLE IV 
Acid Phosphatase Values Calculated for Samples with Cell Proportions  Used in 
Peptidase Calculations 
Per cent by  Activity  Product  Component  ¢olume of tissue 
Mucosa  Epithelium  32  0.1  3 
Lymphocytes  5  1.0  5 
Macrophages  O. 5  20.0  10 
Reticular cells  12.5  4.0  50 
Total activity for mucosa ............................................  68 
Head  Lymphocytes  35  1.0  35 
Macrophages  3  20.0  60 
Reticular cells  11  4.0  44 
Total activity  ......................................................  139 
Neck  Lymphocytes  39  1.0  39 
Macroplmges  13  20.0  260 
Reticular cells  13  4.0  52 
Total activity  ......................................................  351 
Normal bodies  Lymphocytes  48  1.0  48 
Macrophages  3  20.0  60 
Reticular cells  4  4.0  16 
Total activity  ......................................................  124 
Irradiated bodies  Lymphocytes  17  1.0  17 
Macrophages  49  20.0  980 
Reticular cells  4  4.0  16 
Total activity  ......................................................  1013 
values which  then  give the best fit to the experimental data obtained on the 
8  specimens  specifically represented  by  the  tables  and  text-figures.  When 
applied to the typical specimens presented in Table I  the activities per sample 
so derived are in fair agreement with experimental values. Because of the great 
differences in activity between equal volumes of lymphocytes and macrophages 
(and an even greater difference if based on cell number)  a  very slight error in WILLIAM  L. DOYLE  235 
determining the proportions of cells of high activity has a  large effect on the 
over-all estimated enzyme activity. As noted previously the  difficulty is  in- 
creased because  the  cells of high  activity  (reticular cells and  macrophages) 
which themselves differ in activity by a ratio of 1 : 2.5 also transform from one 
type to the other without clear cut morphological criteria. Consequently, the 
microscopic estimates  of proportions of cell types do not have the requisite 
accuracy in this material. However, a  check on the reliability of the morpho- 
logical data used is provided when values for a  second enzyme (acid phospha- 
tase) are calculated on the same material. The values so obtained (Table IV) 
are in fair agreement with experimental values except in the bodies of 5 day 
post  irradiation  specimens.  Here  the  calculated  values  are  too  high. 
Other Peptidases.--The peptidase activity of various regions of the nodule 
with respect to other substrates  (LGG and LG)  does not reflect the sort of 
change found for AG. The LGG activity in the 5 day post irradiation bodies is 
certainly elevated to about 2  times the normal value whereas the AG value 
rises to 2.5  times. The shape  of the LGG curve, however, is much closer to 
that of a  straight line than the AG curve. The tissue value for LGG is well 
above the serum value (Text-fig. 2, graph LGG (S)), indicating that there is 
a  positive contribution from both the cells and the intercellular fluid. 
SUMMARY AND  CONCLUSIONS 
The lymphatic tissue of the rabbit contains a  labile peptidase as measured 
by the hydrolysis of alanylglycine. Some characteristics of the enzyme were 
determined. This enzyme increases in  amount when  the numbers of macro- 
phages in  the tissue  are increased and it is  also present in  the extracellular 
fluid in high concentration. The extracellular fluid value for this activity is 
calculated  to be about 8  times the value for serum.  Based on a  correlation 
between the types of cells present and the amount of peptidase found in the 
tissue  the following relative activities are assigned  to the tissue  components 
per  unit  volume: lymphocytes  1.0,  tissue  fluid  11.0,  serum  1.4,  phagocytes 
(macrophages) 30.0, reticular cells 12.0.  The amount  of chloride space varied 
from 35 to 55 per cent. 
The relative amounts of acid phosphatase per unit volume in the same ele- 
ments were calculated to be: lymphocytes 1.0,  tissue fluid 0, phagocytes 20.0, 
and reticular cells 4.0. 
Analysis  of  the  distribution  of peptidase  was  facilitated by  simultaneous 
determination  of  acid  phosphatase  whose  primary  localization  in  one  cell 
type was known. 
The over-all contribution of lymphocytes to the labile peptidase content of 
lymphatic tissue is relatively minor and was not found to exceed 5 per cent 
of  the  average value  for the  entire nodular  tissue.  In  the  absence  of large 
numbers of macrophages the intercellular fluid of the nodule accounts for half 
or more of the peptidase content of the nodules. 236  PEPTIDASE DISTRIBUTION IN LYMPHATIC TISSUE 
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EXPLANATION OF PLATE 633 
Sections of lymphatic nodules of the appendix. From drawings of pyronine-methyl 
green--stained sections by E. Bohlman-Patterson. 
FIG. 1.  Neck region of appendix nodule from a specimen 30 hours after x-irradia- 
tion, but also typical of normal and 5 day post irradiation specimens.  X 705. 
Fig. 2.  Body region of a  normal specimen  with more than the usual number of 
macrophages present.  X 705. 
Fig.  3. Body region of a specimen (same as in Fig. 1) 30 hours after x-irradiation. 
Reticular cells grouped at periphery of nodule (bottom of figure); pycnotic nuclei of 
dead lympbocytes some of which are contained in pale staining macrophages.  ×  705. 
Fig. 4.  Body region of a nodule 5 days after x-irradiation.  Densely packed macro- 
phages resulting from shrinkage of the body of the nodule.  X 705. 
*  Figs. 1 and 2 have been reprinted from the article by Doyle, W. L., and Liebelt, R., 
.7.. Histockem. and Cytochera., 1955, 3, 50, through the kind permission  of the publishers. THE JOURNAL OF 
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